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Bose–Einstein condensation (BEC) at normal temperature (T¼343K) has been observed because an
electric ﬁeld was ﬁrst applied. There are two ways to achieve phase transition: lower the temperature
of Bose gas or increase its density. This article provides more appropriate method: increase the voltage.
In theory, 3s and 3p states of sodium are not degenerate, but Na may be polar atom doesnot conﬂict
with quantum mechanics because it is hydrogen-like atom. Our innovation lies in we applied an
electric ﬁeld used for the orientation polarization. Na vapor was ﬁlled in a cylindrical capacitor. In order
to determine the polarity of sodium, we measured the capacitance at different temperatures. If Na is
non-polar atom, its capacitance should be independent of temperature because the nucleus of atom is
located at the center of the electron cloud. But our experiment shows that its capacitance is related to
temperature, so Na is polar atom. In order to achieve Na vapor phase transition, we measured the
capacitance at different voltages. From the entropy of Na vapor S¼0, the critical voltage Vc¼68volts.
When VoVc, many atoms are in random orientation S40; when V4Vc, the atoms become aligned
with the ﬁeld So0, phase transition occurred. When V¼390 volts »Vc, the capacitance decreased from
C¼1.9C0 to CEC0 (C0 is the vacuum capacitance), this result implies that almost all the Na atoms (more
than 98%) are aligned with the ﬁeld, Na vapor entered quasi-vacuum state. We create a BEC with
2.5061017 atoms, condensate fraction reached 98.9%. This is BEC in momentum space. Our experi-
ment shows that if a Bose gas enters quasi-vacuum state, this also means that it underwent phase
transition and generates BEC. Therefore, quasi-vacuum state of alkali gas is essentially large-scale BEC.
This is an unexpected discovery. BEC and vacuum theory are two unrelated research areas, but now
they are closely linked together. The maximum induced dipole moment dindr7.81015 e cm can be
neglected. Ultra-low temperature is in order to make Bose gas phase transition, we achieve the phase
transition by the critical voltage, so the ultra-low temperature is not necessary. According to the
standard proposed by Ketterle, although we didn’t use laser cooling atoms, our experiment is real ideal
BEC. Na material with purity 99.95% was supplied by Strem Chemicals Co., USA. Our experiments are
easily repeated because low temperature is not necessary.
& 2016 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In the past few decades, the study of Bose Einstein con-
densation (BEC) has made great achievements. For the previous
BEC, the key requirement is ultra-low temperatures–less than a
millionth of a kelvin above absolute zero [1–5]. A suitable ex-
ample of BEC is provided by the dilute gases of alkali-metal atoms
that can be prepared inside magnetic ion traps. All stable alkali
species—Li (1), Na (2), K (3), Rb (4), and Cs (5)—have been con-
densed using the technique of laser cooling. When ToTc (Tc is the
critical temperature), de Broglie wavelength becomes larger than
the mean spacing between particles, Bose gas would undergo a
phase transition; further cooling, BEC occurred. We note that the
recent theoretical papers about BEC, these interesting theoretical.V. This is an open access article uresults may be useful for the design of BEC experiment [6–8].
Until now, in BEC experiments, scientists have applied magnetic
ﬁeld (used to trap atoms) and laser (used to cool atoms), but
never consider applying an electric ﬁeld, atoms are oriented at
random, and therefore the observation of BEC is very difﬁcult.
The atoms, usually only 104–106 of them, can be trapped and
cooled [1–5]. What is the deﬁnition of BEC? “Bose–Einstein
condensation is a macroscopic occupation of the ground
state” [9]. This is the ﬁrst feature of BEC, it doesnot involve
temperature. But previous condensate fraction is very small,
usually far less than 106, so a large-scale BEC has never been
observed. This fact indicates that in the condition of ToTc, the
“macroscopic occupation” is very difﬁcult to achieve. This is a
problem that had puzzled physicists for many years.
Our innovation lies in we applied an electric ﬁeld used for the
orientation polarization. A few groups used the electric ﬁeld tonder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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previous research has found that rubidium atom has a non-zero
electric dipole moment, and the saturation polarization of rubi-
dium vapor has been observed. This is a great inspiration to this
study of BEC of Na atoms [10,11]. In this article, instead of Tc, we
use the entropy of a system, that is, the critical voltage Vc to de-
scribe the phase transition. No doubt, the latter is more appro-
priate because in the condition of V4Vc, the “macroscopic occu-
pation” is easy to achieve.
There is a phase transition for the observation of BEC, and this
is the second feature of BEC. In the past, there are two ways to
achieve phase transition: given atomic density, lower the tem-
perature of Bose gas, making ToTc = ( )πℏkm
n2
2.612
2/3
2
; or given tem-
perature, increase the density of Bose gas, making n4nc (the
critical density nc = ( )πℏ2.612
mkT
2
1/3
2 ). But the latter method is not
successful, because the density of Bose gas in a potential well
cannot be increased indeﬁnitely. In fact, ultra-low temperature is
in order to make Bose gas phase transition. If there are other ways
to make the Bose gas phase transition, the ultra-low temperature
is not necessary. It is not surprising that our method is successful,
because the increase in voltage is superior to the increase in
density.
BEC is the condensation in momentum space, and this is the
third feature of BEC. Einstein predicted in 1925 that an ideal Bose
gas would undergo a phase transition and could condense into the
lowest energy state. However, the result of the condensation
doesnot produce crystals. This fact shows that BEC doesnot occur
in the position space but occurs in the momentum space. “The
term ‘condensation’ often implies a condensation in space, as
when liquid water condenses on a cold window in a steamy
bathroom. However, for Bose–Einstein condensation it is a con-
densation in k-space, with a macroscopic occupation of the lowest
energy state” [9]. Note that the wave vector k equals the mo-
mentum p divided by Planck constant ħ, and therefore BEC is a
condensation in momentum space. This requirement implies
must guarantee that all trapped atoms have the same mo-
mentum. But in the past, it is very difﬁcult to meet this require-
ment. Many articles have avoided this important problem.2. The classiﬁcation of atoms
2.1. A variety of alkali atoms are non-polar atoms is a
misunderstanding
The scattering of alpha particles by matter led Rutherford to
propose the nuclear model of the atom in 1911. Since the times of
Rutherford, physicists and chemists generally believed that with
no electric ﬁeld, the nucleus of atom is located at the center of the
electron cloud, and there is no polar atom in nature except for
polar molecules. In fact, this scattering experiment only showed
that there is one small nucleus, its diameter is only about one ten
thousandth of the atomic diameter, and the positive charge on the
nucleus is precisely canceled out by the negative charge of the
electron cloud. But this idea, the nucleus of atom is located at the
center of the electron cloud, is not tested by this experiment. So all
kinds of alkali atoms are non-polar atoms, which is an un-
tested hypothesis. We must test it by precise experiment.
2.2. In theory, 3s and 3p states of sodium are not degenerate, why it
may have a non-zero permanent dipole moment (PDM)?
The PDM of an atom is deﬁned as d¼er, where -e is the
charge of an electron, and r is the position vector of the electron
relative to the nucleus [12]. 3s and 3p states of Na atoms are notdegenerate, and therefore the expectation value of PDM is
zero:oψE∣er∣ψE4¼ 0 (ψE is the wave function of the Na
ground state). However, L. E. Ballentine and many physicists
strictly proved that the state function |ψE4doesnot describe an
individual particle but an ensemble of particles with the same
energy [12–14]. Grifﬁths once stated that “The expectation value
is the average of repeated measurements on an ensemble of
identically prepared systems, not the average of repeated
measurements on one and the same system” [15]. So oψE∣
er∣ψE4¼0 only means that the average PDM of large number of
Na atoms is zero, but doesn’t mean that the PDM of individual Na
atom is zero.
2.3. The hydrogen atom is a typical example
The shift in the energy levels of an atom in an electric ﬁeld is
known as the Stark effect. Normally the effect is quadratic in the
ﬁeld intensity, which corresponds to an induced electric dipole
moment (EDM). The quadratic Stark effect occurs in general in all
states. But Landau once stated that “the hydrogen atom forms an
exception; here the Stark effect is linear in the ﬁeld.” “The energy
levels of the hydrogen atom, unlike those of other atoms, undergo
a splitting proportional to the ﬁeld (the linear Stark effect)” [16].
Evidently, the linear effect corresponds to a PDM. The ﬁrst excited
state in hydrogen ψ2lm is four-fold degenerate. Before the ﬁeld is
applied, the state is known as the unperturbed state, and the states
being ψ200, ψ210, ψ211 and ψ21-1. When the ﬁeld is applied, the
state is known as the perturbed state, and the states being ψ2(1),
ψ2(2), ψ2(3) and ψ2(4). In the effect, two of four states have energy
level split 73ea0E (a0 is the Bohr radius). The results showed that,
in the unperturbed state ψ2lm, the hydrogen atom has a PDM of
magnitude 3ea0¼1.59108 e cm. This dipole moment does
not depend on the ﬁeld intensity, and hence it is not induce by the
external electric ﬁeld but is inherent behavior of the atom. Landau
once stated that “The presence of the linear effect means that, in
the unperturbed state, the hydrogen atom has a dipole moment
whose mean value is d¼3ea0.” [16]. Schiff also put forth a fa-
mous conclusion that “It is also possible, as in the case of the
hydrogen atom, that unperturbed degenerate states of opposite
parities can give rise to a permanent electric dipole moment.” [17]
That is, d(ψ200)≠0, d(ψ210)≠0, d(ψ211)≠0 and d(ψ21-1)≠0. So the
excited state of hydrogen is polar atom.
However, although ψ2lm is four-fold degenerate, but the cal-
culation in quantum mechanics shows that the expectation value
of PDM is zero:oψ2lm∣er∣ψ2lm4¼0! That is, d(ψ200)¼
d(ψ210)¼d(ψ211)¼d(ψ21-1)¼0. Evidently, the zero result is in-
consistent with above conclusion. Up to now, no quantum me-
chanical textbook explains this contradictory result. In fact, the
linear Stark effect of hydrogen has not been satisfactorily ex-
plained. If someone declared that the Linear Stark shift of hydro-
gen is a very well understood problem, this statement is certainly
not honest. This fact demonstrated convincingly that oψ2lm
∣er∣ψ2lm4¼0 only means that the average PDM of hydrogen
atoms is zero, but an individual hydrogen (n¼2) may have a
non-zero PDM.
2.4. Recall that alkali atoms having only one valence electron in the
outermost shell can be described as hydrogen-like atoms [18]
In addition, the Quantum Mechanical model of the atom can be
tested by atomic radius and ionization energy. In the case of so-
dium, its ionization energy is 5.14 eV, it is far less than the ground
state hydrogen (13.6 eV), but approximates to its ﬁrst excited state
(3.4 eV). For sodium atom, its atomic radius (1.86 Å) is far greater
than the ground state hydrogen (0.53 Å), but approximates to its
ﬁrst excited state (2.12 Å). So similar to the ﬁrst excited state of
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quantum mechanics. The wave function ψE doesnot describe an
individual Na atom but an ensemble of Na atoms.oψE∣
er∣ψE4¼0 only means that the average PDM of large number of
Na atoms is zero, but doesnot mean that the PDM of an individual
Na atom is zero. A neutral Na atom is or is not polar atom must
be determined by the experiment. In order to test the con-
jecture, this paper reported the two experiments of sodium.
2.5. How does separate the polar and non-polar substances (mole-
cule or atom) experimentally?
Normally atoms do not have PDM because of their spherical
symmetry. But this paper proved that Na atom forms an exception.
The electric susceptibility is deﬁned as χe¼C/C01, where C0 is the
vacuum capacitance, C is the capacitance of the capacitor ﬁlled
with the material. Note that the electric susceptibility caused by
the orientation of polar substance (atoms or molecules) is in-
versely proportional to the absolute temperature while the in-
duced electric susceptibility due to the distortion of electronic
motion in atoms or molecules is temperature independent. This
difference in temperature dependence offers a means of separat-
ing the polar and non-polar substances experimentally. The clas-
sical electrodynamics textbook plotted the relationship between
χe and 1/T [19]. For non-polar substances the graph is a horizontal
line, and is an oblique line for polar substance because both types
of polarization, induced and oriented, are present.
χ = + − χ = ( )A B TFor polar atom / , for non polar atom A 1e e
where A and B is constant [19]. If Na is non-polar atom, its capa-
citance should be independent of temperature. If Na is the polar
atom, the form χe¼AþB/T should be expected. Unfortunately, no
one has done this discriminating experiment so far. Our experi-
ment shows that the capacitance of Na vapor is related to tem-
perature, so Na is polar atom. As a contrast, the capacitance of Hg
vapor also has been measured, but its capacitance is independent
of temperature, and Hg is non-polar atom. Furthermore, the in-
duced dipole moment of Na atom can be neglected (Discussion A).
Experiments using potassium, rubidium and cesium have been
completed, similar results have been obtained, and we will
report later.
In a word, atoms can be divided into three categories: polar,
non-polar and hydrogen atom, alkali atom is polar atom, all kinds
of atoms are non-polar atoms except for alkali and hydrogen
atoms. Hydrogen atom is quite distinct from the others. The
ground state of hydrogen is non-polar atom (d¼0) but the excited
state is polar atom, for example, the ﬁrst excited state has a large
PDM: dH¼3eao¼1.59108 e cm.3. Our innovations
3.1. The entropy of a system is a measure of the disorder of molecular
or atomic motion
The principle of increase of entropy and the conservation
principles (of energy, momentum, and angular momentum) con-
stitute the basic rules by which all processes occurring in the
universe are governed. No doubt, it is the most important concept
in BEC. Now we calculated the entropy of a system from the par-
tition function. Consider a system composed of N sodium atoms
which are placed in an external electric ﬁeld E, θ is the angle be-
tween d and E. Note that the collision between sodium atoms is
always through their mass centers, and therefore the nucleus of
atom has no contribution to the rotational energy of the atom.When orientation polarization of Na atoms occurs, its rotational
energy can be neglected. The potential energy of a Na atom in the
electric ﬁeld can be expressed as ε¼ dE cos θ.
Unlike the orientation quantization of magnetic moment, the
orientation of Na atom can be changed continuously in the ﬁeld.
Note that β¼1/kT and the chemical potential μE0 [9], the parti-
tion function is given by
∫ ∫ ∫ ∫ϕ θ θ ϕ θ θ
π
= =
= ( − ) ( )
π π
βε
π π
θ−
−
Z d e d d e d
kT e e dE
sin sin
2 / 2
dE kT
dE kT dE kT
0
2
0 0
2
0
cos /
/ /
The entropy is given by S¼ ( + )∂∂Nk Z T Zln lnT [9]. Let the
coefﬁcient a¼dE/kT¼ dV/kTH, we obtain
π= [ ( – ) – ] ( )−Nk ln e e e a a cothaS 2 / 3a a
when a »1, e – aE0 and coth aE1, we obtain a simpliﬁed formula
π= ( )Nk ln e aS 2 / 4
The critical coefﬁcient is ac¼2πeE17.08, the critical voltage Vc
is corresponds to ac. When VoVc, Na atoms are in random di-
rections, this state has high entropy S40. When VZVc, the atoms
become aligned with the ﬁeld, this state has low entropy Sr0, and
Na vapor underwent a phase transition. When V»Vc, S«0, and BEC
occurs. The formula contains two fundamental constants in nature,
and there was ample reason to believe that it reﬂects the objective
laws of BEC. The necessary condition of an ideal BEC can be ex-
pressed as
( )π< < > > > > 5a 2 eMost atoms are in BEC: S 0 when or V Vc
3.2. Our experimental type is quantitative
The condensate fraction is a very important physical quantity in
BEC, but previous experiments did not provide a suitable formula,
and they are qualitative. We strictly proved that the Langevin
function L(a) equals the condensate fraction, and it can be ex-
pressed as L(a)¼a (CC0 )/η, where η is the capacitance constant,
and (C–C0 ) is the change of the capacitance. For example, when
the voltage V¼390 volt, η¼198 pF, C–C0¼2 pF and the coefﬁcient
a¼98, we obtain L(a)¼0.9899. This formula has solved the
problem that had puzzled physicists for many years. These facts
indicate that our experiments not only donot conﬂict with their
experiments, but also this experimental type is quantitative.
3.3. In particular, when V »Vc, the capacitance decreased to CEC0 or
χeE0, its dielectric properties are almost the same as vacuum, and
Na vapor entered quasi-vacuum state
Our experiment shows that if a Bose gas enters the quasi-va-
cuum state, this also means that it underwent a phase transition
and generates BEC. Therefore, quasi-vacuum state of alkali gas is
the essence of BEC. In the history of physics, BEC and vacuum
theory are two unrelated research ﬁelds, but in this paper they are
closely linked together (Discussion C).4. Experiment and interpretation
4.1. The preparatory experiment: measured the density of Na vapor
The experimental apparatus is a closed glass container resem-
bling a Dewar ﬂask. The internal and external diameters of the
container are D1¼5.8 cm and D2¼8.2 cm. The external and internal
surfaces are plated with silver, shown by a and b respectively (see
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layers constitute the cylindrical capacitor. As a more convenient
method, replacing plate silver, we can use aluminum foil wrapped
the internal and external surface of the glass container, and the two
aluminum cylinders constitute the cylindrical capacitor. Note that
unlike the traditional cylindrical glass capacitor, the two alu-
minum cylinders must be posted on the glass. This capacitor is
connected in series by two capacitors. One is called C′ and contains
the Na vapor of thickness H0¼(9.0070.05) mm; the other is called
C′′ and contains the glass medium of thickness h¼1.5 mm. The total
capacitance is C¼C′C′′/(C′þC′′), where C′′ and C can be directly
measured. The magnitude of capacitance was measured by a digital
capacitance meter. The accuracy of the meter was 0.5%, the sur-
veying voltage was V0¼1.2 V, the surveying frequency was 800 Hz,
and the deﬁnitionwas 0.1 pF (Cr200 pF), 1 pF (200pFrCr2nF) or
10 pF (2nFrCr20nF). When the capacitor was empty, it was
pumped to vacuum pressure Pr109 Torr for 20 h. The aim of the
operation is to remove impurities such as oxygen adsorbed on the
inner walls of the container. We measured the vacuum capacitance
is C′0¼(54.070.1) pF. Next, a small amount of Na material (about
10 g) was put into the container, and we obtain a cylindrical capa-
citor ﬁlled with Na vapor and surplus liquid sodium (see Fig. 1). It is
again pumped to Pr109 Torr, and then it is sealed. We put the
capacitor into a temperature-control stove, raise its temperature
slowly, and keep at T0¼597 K for 6 h. It means that the results are
obtained under the saturated vapor pressure. We measured the
capacitance of Na vapor is C′t¼(114271) pF. The formula of satu-
rated vapor pressure of Na vapor is P¼107.553-5395.4/T psi
(453 KrTr1156 K), where 1 psi¼6894.8 Pa [20]. We obtained
P¼225.9 Pa at T0¼597 K. From the ideal gas law, the density of Na
vapor equals n0¼P/kT0¼2.7421016 cm3. The change ofFig. 1. A cylindrical glass capacitor ﬁlled with sodium vapor, where the density
n0¼2.7421016 cm3 under the saturated vapor pressure at T0¼597 K.capacitance is C′t –C′0¼1088 pF.
The statistical error is (Δni/n)2¼(ΔP/P)2þ(ΔT/T)2, and Δni
/nr0.03 due to ΔT¼0.5 K and ΔP¼P(T0þΔT)-P(T0)¼4 Pa. The
systematic error is Δnj/nr0.03, and we obtain n0¼[2.7470.08
(stat)70.08 (syst)]1016 cm3.
4.2. The ﬁrst experiment: measuring capacitances of Na and Hg
vapor at different temperatures respectively
A glass cylindrical capacitors ﬁll with sodium at a ﬁxed density
n1 without liquid sodium, and n1«n0. Another glass cylindrical
capacitors ﬁll with Hg vapor at a ﬁxed density n3. Their capaci-
tances were still measured by the digital meter, the vacuum ca-
pacitance was C10¼(44.070.1) pF (for Na vapor) and C′10
¼(63.970.1) pF (for Hg vapor). Next, a small amount of Na or Hg
material was put into the two capacitors. In order to ensure the
number of atoms remained constant, we adopted an ingenious
technique (see Fig. 6). After ﬁll with Na or Hg vapor, the capaci-
tances are C1¼59.3 pF (for Na vapor) and C′1¼64.1 pF (for Hg
vapor) respectively. The capacitance of Na vapor has increased
obviously. Their capacitances have been measured respectively at
different temperatures. As was expected, the capacitance of Hg
vapor, C′1¼64.1 pF, remains constant at different temperatures (i.e.
B¼0) and χe¼AE0.003. But the capacitance of Na vapor de-
creases gradually from 58.9 pF to less than 56.6 pF, and
χe¼AþB/T! The experimental results are shown in Fig. 2. Table 1
gives a complete experimental data of Na vapor.
From least-square method we get B¼(129.370.6)K and
A¼0.0033, because (Δχe/χe)2¼(ΔB/B)2þ(ΔT/T)2¼(ΔC/C)2þ(ΔC0
/C0)2, so (ΔB/B)2o(ΔC/C)2þ(ΔC0/C0)2, and ΔB/Bo0.004. They can
be expressed as follows.
( )χ = + χ = 6TFor sodium vapor 0.0033 129.3/ , for mercury vapor 0.003e e
The two results formed a sharp contrast because sodium atom
is polar atom but mercury atom is non-polar. Although the
experiment is relatively simple, but it has not been reported in the
history of physics.
4.3. The second experiment: measured the capacitance of Na vapor
at various voltages (V) under a ﬁxed density n2 « n0 and T2¼343 K
The apparatus was the same as the ﬁrst experiment but the
vacuum capacitance C20¼(70.070.1) pF, H2¼(6.6070.05) mm.
The measuring method is shown in Fig. 3. C was the capacitorFig. 2. This curve showed that χe of Na vapor is inversely proportional to the
temperature: χe¼AþB/T¼0.0033þ129.3/T, Na atom is polar atom. But B¼0 for Hg
vapor, Hg is non-polar atom.
Table 1
The electric susceptibility χe of sodium vapor at different temperature T.
T (K) 387 395 403 411 419 427 437 447 459
1/T (103) 2.5840 2.5316 2.4814 2.4331 2.3866 2.3419 2.2883 2.2371 2.1786
C (pF) 58.9 58.5 58.3 58.0 57.7 57.4 57.1 56.9 56.6
χe 0.3386 0.3295 0.3250 0.3182 0.3114 0.3045 0.2977 0.2932 0.2864
Fig. 3. C is the capacitor ﬁlled with Na vapor to be measured and Cd¼1160 pF is a
standard capacitor: Vs(t)¼Vso cosωt and Vc(t)¼Vco cosωt.
Fig. 4. The C–V curve shows that when V »Vc, the capacitance dropped from
C¼1.9C0 to CEC0, it implies that Na vapor entered quasi-vacuum state, this is BEC
in momentum space.
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reference capacitor. Two signals Vc(t)¼Vco cosωt and Vs(t)¼Vsocos
ωt were measured by a two channel digital real-time oscilloscope
(the model is Tektronix TDS 210 USA). The two signals had the
same frequency at different voltages. From Fig. 3, we have (VsVc)
/Vc¼C/Cd and C¼(Vso/Vco1)Cd. The voltages Vso could be ad-
justed from zero to 800 V. The frequency could be adjusted from
one to 106 Hz. The measurement was started in 0.01 volts. When
V1¼Vcor0.4 volts, C1¼136 pF is approximately constant, and χe
¼C1/Co–1¼0.943. Next, the capacitance decreases gradually with
the increase of the voltage. When the voltage increases to V2¼Vco
¼390 V, the capacitance dropped to C2¼72 pFE C0 or χe
¼0.029E0, it implies that almost all the Na atoms (more than
98%) were to line up along the ﬁeld! If almost all the dipoles in a
gas were to line up with an external electric ﬁeld, this effect is
called the saturation polarization. Fig. 4 shows that the saturation
polarization of Na vapor is obvious when V »Vc or E »EC (EC¼100 V/
cm). The experimental C–V curve shows that the capacitance
dropped from C¼1.9C0 to CEC0 when V2¼390 volts, it implies
that the Na vapor entered a quasi-vacuum state (see Fig. 4). Table 2
gives the measured values of C, χe, and polarization P, where P¼n
d L(a). Note that BEC is the condensation in momentum space,
therefore, when BEC occurs, the shape and density of the sodium
vapor will not change. Our experiment shows that if a Bose gas
enters quasi-vacuum state, this also means that it underwent
phase transition and generates BEC.
Feynman, he was awarded the 1965 Nobel Prize, once stated that “
when an electric ﬁled is applied,… if all the dipoles in a gas were to line
up, there would be a very large polarization, but that does not happen”
[21]. It tells us that the saturation polarization of Na vapor is an un-
expected discovery. Fig. 5 shows that the condensate fraction versus
the external voltages, condensate fraction reached 98.9% and up to
2.5061017 atoms condensed into the ground state when V2
Z390 volt. When the BEC occurs, the digital oscilloscope can suddenly
show that the two signals have the same phase, and their peak is
close. This operation needs to repeatedly adjust the frequency and the
voltages. This condensation image can be maintained for several
hours, and therefore BEC becomes visible and touchable. When V»Vc,
the capacitance decreased to CEC0, the electric susceptibility de-
creased to χeE0, and the polarization increase to P¼Pmax, these
typical BEC phenomena show that a large-scale BEC at normal
temperature has been observed.4.4. The condensate fraction
The local ﬁeld acting on a molecule or atom in a gas is almost
the same as the external ﬁeld E [19]. For polar molecules or atoms,
χe¼nαþnd0 L(a)/ε0 E, where a¼d0 E/kT. Langevin function L(a)¼
[(e aþe–a ) / ( e aea )] – 1/a¼coth a – 1/a. L(a) equals the
average value of cos θ [22]:
⎡
⎣⎢
⎤
⎦⎥
∫
∫ ( )
θ θ θ θ
θ θ θ
( ) = < θ > = ( )
= ( )
π
π −
f d E kT d
d E kT d
L a cos cos exp cos / sin ,
f exp cos / sin
7
0
0
0
0
1
where f is normalized constant, θ is the angle between d0 and E
[22]. Now we deduce the electric susceptibility of Na. The electric
polarizability of sodium is α¼23.61030 m3 [23], the density
no1.01023 m3, and induced susceptibility χe¼nαo2.4106
can be neglected. We obtain χe¼nd L(a)/ ε0E. When a«1, L(a)Ea/3,
and χe¼n d02 /3kTε0, this is the familiar Langevin formula. The
polarization P, the average dipole moment per unit volume, is
deﬁned as
= χ ε = ( ) ( )P E n dL a 8e 0
Formula (7) and (8) are clearly indicated that L(a) equals the
condensing fraction of BEC. When a »1, L(a)E1 and PmaxEnd, it
implies the saturation polarization. Note that E¼V/H and the for-
mula of the parallel-plate capacitor ε0¼C0H/S, from χe¼nd L(a)/ε0
E we obtain
( ) ( )η η( ) = – = ( ) + 9a a C C a aCondensate fraction: L / or C L / C0 0
where η¼Snd2/kTH is the capacitance constant. Now we measure
the condensing fraction. When V1¼0.4 volts, a1«1, L(a)¼a/3 and
η¼3(C1–C20)¼198 pF. When V2¼390 volts, C2–C20¼2 pF, a2
¼ηL(a2)/C2–C20¼98, L(98)¼0.9898.
Since we deduced Eq. (9) from the formula of the parallel-plate
capacitor ε0¼C0 H/S, so the cylindrical capacitor must be regarded
Table 2
The saturation polarization of Na vapor T¼343 K.
V (volt) 0.01 0.40 7.7 68 193 258 390 1
lgV 2.0 0.398 0.886 1.832 2.286 2.412 2.591 1
C (pF) 136 136 123.8 80.9 74.0 73.0 72.0 70.0
χe 0.9429 0.9428 0.7686 0.1557 0.0571 0.0428 0.0286 0.0
P (e cm2) 7.9103 3.1105 4.9106 8.8106 9.1106 9.25106 9.3106 9.4106
Fig. 5. Condensate fraction versus external voltages: a large-scale BEC has been
observed when VcoZ390 V, the condensate fraction reached 98.9% and con-
densates contained up to 2.5061017 Na atoms.
Fig. 6. The apparatus on the left is a glass capacitor. At ﬁrst let it and a vacuum
pump linked by a glass tube. A sealed Na sample in a small bottle and a small
magnetic hammer are put together in the glass tube. In vacuum environment the
magnetic hammer is raised by a magnet outside the tube. When the hammer is
released suddenly, it breaks the bottle sealed Na sample, then the tube is sealed at
B point. Next step, we put the two containers into a temperature-control stove, and
keep at T¼523 K for 4 h. When the capacitor was ﬁlled with volatile Na vapor, the
glass tube was sealed once again at A point. Thus we obtain a capacitor ﬁlled with
Na vapor at a ﬁxed density (i.e. the number of Na atoms remained constant).
Table 3
Bose–Einstein condensation of Na atoms at different voltages (V) T¼343 K.
V (volt) 0.01 0.40 7.7 68
a 2.5103 0.1005 1.93 17.09
L (a) 8.4104 0.0335 0.5249 0.941
Nc (1017) 0.0021 0.0848 1.329 2.384
S (Nk ) 2.531 2.529 2.076 4.1
L(a)––The condensate fraction, Nc––The number of condensed atoms, and S––The entro
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H/ε0. The equivalent area is S0′¼C′0 H0/ε0¼5.489102 cm2 and
S′2¼C20H2/ε0¼5.218102 cm2. Since the density n2 is unknown,
from Eq. (9) we obtain n2¼(C2–C20 ) V2 L(a) n0 S0′ /(C′t–C′0 )V0
L(a2) S′2. From a/a2¼V0T2H2/T0H0V2, we obtain a¼0.12705
and L(a)¼0.04223. We obtain n2¼23900.042232.742
10165.489/10881.20.98985.218¼7.3521014 cm3.
According to the root mean square rule, the statistical error of
the measured value is Δni/nr0.06 due to ΔC2/C2r0.0014, ΔC20
/C20r0.0014, ΔV2/V2r0.0019, Δn0/n0r0.036, ΔS0′/S0′r0.03,
ΔC′t/C′tr0.012, ΔC′0/C′0r0.0018, ΔV0/V0r0.008 and ΔS2′/S2′
r0.0018. Considering all systematic error, we have that
Δnj/nr0.05, and we obtain the density of Na vapor at any vapor
pressure: n2¼[7.3570.44(stat)70.37(syst)]1014 cm3. The to-
tal number of Na atoms is N¼n2 S′2H2¼2.5321017. Table 3
provides a complete analysis of BEC of Na atoms. The number of
condensed atoms is Nc¼N L(a). From 1 eV¼kT, we get T¼11594 K.
In the range Tr597 K, kT r 5.2102 eV, so BEC of sodium
comes entirely from the contribution of the Na ground state.
4.5. The permanent dipole moment of sodium atom
From Eq. (9) we deduce the formula of atomic PDM
( )= – ( ) ( )d C V LC / a Sn 100
We obtain dNa¼2.42ea0¼2.0541029 C m¼1.283108 e cm.
According to the root mean square rule, the statistical error of the
measured value is Δdi/dr0.07. Considering all systematic error, we
have that Δdj/dr0.05, and we obtain the PDM of Na atom as dNa
¼[1.2870.09(stat)70.07 (syst)]108 e cm.
This formula is easy to verify. The magnitude of PDM of an
atom is d¼e r. L(a) equals the percentage of Na atoms lined up
along an electric ﬁeld. When the electric ﬁeld is applied, the
change of the charge of the capacitor is ΔQ¼(C–C0)V. On the other
hand, its volume is SH, the total number of oriented atoms is SH n
L(a). The number of layers of oriented atoms is H/r. Because inside
the Na vapor the positive and negative charges cancel out each
other, the polarization only gives rise to a net positive charge on
one side of the capacitor, and a net negative charge on the op-
posite side. Therefore, ΔQ¼SH n L(a)e/(H/r)¼S n L(a)e r¼S n
L(a)d¼(C–C0) V, so the magnitude of PDM is d¼(C–C0 )V/ S L(a) n.
4.6. The proﬁle of the used trapping potential
Wolfgang. Ketterle, in the Nobel Prize winning paper, proposed
the objective standard of an ideal BEC: “An ideal Bose condensate
shows a macroscopic population of the ground state of the
trapping potential. This picture is modiﬁed for a weakly193 258 390 1
48.5 65.0 98.0 1
5 0.9794 0.9846 0.9898 1.0
2.480 2.493 2.506 2.532
104 1.044 1.336 1.747  ln1
py of Na vapor.
Table 4
A sharp contrast between previous and our BEC experiment.
The content of BEC Previous BEC Our BEC
Electric susceptibility of alkali
atoms
χe¼A χe¼ AþB/T
P.-L. You / Physica B 491 (2016) 84–9290interacting Bose gas” [2]. This standard emphasizes that the
ground state is the ground state of the trapping potential, which is
very important correction. Because this description doesn’t involve
temperature, therefore, this standard is also suitable for the eva-
luation of our experiments. In our experiment, the trapping me-
chanism is the orientation polarization of polar atoms. Sodium has
a non-zero PDM, and it becomes an electric dipole. When an
electric ﬁeld is applied, the dipoles tend to orient in the direction
of the ﬁeld because of the torque it experiences. The magnitude of
the torque is τ¼d E sinθ, and θ is the angle between d and E.
When θ¼0, the dipole is in equilibrium. In addition, the potential
energy of the dipole is ε¼dEcosθ. The potential energy is a
minimum when θ¼0, which indicates that the dipole is oriented
parallel to the ﬁled. But atomic collisions tend to disarrange the
dipoles. When V4Vc, the alignment would be perfect because the
thermal energy kT is much smaller than the potential energy dE
(a¼dE/kT417.08). This state has low entropy So0. Notice that
the essence of BEC is the perfect alignment of bosons. So in our
experiment, the trapping force is the torque, the trapping po-
tential is the electric potential energy of Na atoms in the
electric ﬁeld. When V »Vc, the capacitance of Na vapor decreased
to CEC0, this result implies that almost all the Na atoms (more
than 98%) are aligned with the ﬁeld. These atoms are trapped
because of the torque they experience, and therefore BEC oc-
curs. Bose condensate contained up to 2.5061017 atoms really
achieved “macroscopic population”. The atoms condensed into the
ground state of trapping potential, because their electric potential
energy is a minimum along the electric ﬁeld. Therefore, Ketterle's
standard is fully demonstrated that although we didn’t use laser
cooling atoms, but our experiment is a real ideal BEC.PDM of alkali atom d¼0 d¼ (C–C0)V/L(a)Sn
Entropy of the system S¼Nk ln 2π e /a
The energy density of the
system
U¼n d L(a) E
Condensate fraction formula L(a)¼a (C–C0 )/η (η is
constant)
Critical condition of BEC Tc r10 μK is
difﬁcult
Vc¼ 68 volts is easily
Number of condensed atoms 104–106 2.5061017
Condensate fraction Usually less than
106
0.9898
Most atoms are in BEC T ooTc V 44Vc
Types of experiment Qualitative Quantitative
Using entropy theory No Yes
Macroscopic occupation of
ground state
No Yes5. Discussion
5.1. Why this large-scale BEC cannot be explained by the induced
dipole moment (IDM)?
There are ﬁve evidences to prove that these results can only be
explained by the PDM of Na atom.
5.1.1. As everyone knows, the electric susceptibility caused by the
PDM is inversely proportional to the absolute temperature while the
electric susceptibility caused by the IDM is temperature independent
The ﬁrst experiment shows that the electric susceptibility of Na
vapor is inversely proportional to the temperature, and therefore
Na atom has a non-zero PDM.
5.1.2. Note that the IDM is proportional to the electric ﬁeld intensity,
and the IDM of Na atoms is dind¼αεoE, where α¼23.6 1030 m3
[23]
In the preparatory experiment, because V0¼1.2 volt, L(a)¼
0.04223(see page sixth), S¼S0′¼ 5.489102 m2, n¼n0¼2.742
1022 m3, and d¼2.0541029 C m, from Eq. (9) we obtain
(C–C0)¼d S L(a) n/V¼1087.9 pF. This result is in line with our
experiment. As a contrast, because E¼V0/H0¼133 V/m, dind¼α ε0
E¼2.781038 C m. we obtain (C–C0)¼ dind SL(a)
n/V¼1.47106 pF. It does not conform to our experiment.
5.1.3. In the second experiment, when V1¼0.4 V, because L(a)¼
0.0335(see Table 2), S¼S′2¼5.218102 cm2, n¼7.3521014 cm3,
and d¼2.0541029 C m, we obtain (C–C0)¼d S L(a) n
/V¼65.99 pF E66 pF
This result is in line with our experiment. As a contrast, because
E¼V1/H2¼60 V/m, dind¼α ε0 E¼1.2541038 C m. From Eq. (9)
we obtain (C–C0)¼ dind SL(a) n/V¼4.0108 pF. This result is not
in conformity with our experiment.5.1.4. In the second experiment, when V2¼390 volts, because L(a)¼
0.9898(see Table 2), we obtain (C–C0)¼d S L(a) n/V¼2.00 pF
This result is in line with our experiment. As a contrast, because
E¼V2/H2¼6104 V/m, The maximum IDM is dind¼7.81015 e cm,
(C–C0)¼ dind SL(a)n/V¼1.2106 pF«0.1 pF. Despite taking the max-
imum of IDM, this result is far less than the minimum scale of the
meter (0.1 pF), and it can be neglected.
5.1.5. In particular, when V1r0.4 V, (C–C0)¼66 pF is approximately
constant, this result is that no one could have expected. For example,
when V1¼0.01 volt, because a¼0.01 98/390¼0.002513 and L(a)¼
a/3¼0.0008376, we obtain (C–C0)¼dSL(a)n/V¼66.0 pF
But the IDM is so small, of course, cannot get such a big result.
We can explain all the experiments using this PDM, and our
measurements are correct. Some people worry that this large di-
pole moment is produced by induced polarization, these calcula-
tions excludes this possibility.
5.2. A sharp contrast between previous and our BEC experiment
In order to illustrate the original innovation of our experiments,
Table 4 gives a detailed comparison between our and previous BEC
experiments [1–5].From the formula of PDM, if (C–C0)≠0, then the PDM d≠0,
but in the past few decades, scientists have never measured the
capacitance of the alkali atoms, so they missed this signiﬁcant
discovery.
5.3. Sodium vapor undergoes a phase transition and entered a quasi-
vacuum state
5.3.1. When V¼0.4 V, C¼136.0 pF and S40, the energy density is U1
¼-n d L(a) E¼ 1.89 105 eV/cm3
When V¼390 V, CEC0, this state has low entropy S « 0, the
energy density is U2¼5.51109 eV/cm3. In particle physics and
quantum ﬁeld theory, vacuum as the source of asymmetry, it is
deﬁned as the lowest energy state of a system [24]. Wilczek once
stated that modern physicists hypothesize that what we perceive
as vacuum is actually a highly structured medium. This is the most
striking feature of vacuum [25].
5.3.2. When the saturation polarization occurs, Na vapor has the
following characteristics
The capacitance is CEC0 or χeE0, its dielectric properties are
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than 98.9%) align with the ﬁeld, and Na vapor became a highly
structured medium. Its energy density U2«0, or U2¼2.9104 U1,
and therefore Na vapor exists in the lowest energy state.
5.3.3. These three characteristics are in accord with the deﬁnition
and property of vacuum, so Na vapor enters the quasi-vacuum state
The above analysis proved that during this experiment, Na
vapor undergoes a phase transition, which is changed from the
random thermal motion state to the quasi-vacuum state.
5.4. Show that the saturation polarization of Na vapor is inevitable
From Eq. (9) C¼ηL(a)/aþC0, we construct a new function
⎡⎣ ⎤⎦( ) ( )( ) = ( ) = + – – ( )– –a a a a af L / e e / e e 1/ 11a a a a 2
Now we ﬁnd the inﬂection point of the function f (a). From the
second order derivative of this function is zero, we obtain f′′(a)¼
[(2e3a–2ea–8aeaþ8a2eaþ2e3a–2eaþ8aeaþ8a2ea)/ a3(ea–ea)3]
– 6/a4¼0. From f ′′ (1.9296812)¼109o0 and f ′′ (1.9296814)¼
210940, we obtain its inﬂection point is ap¼1.9296813E1.93.
The voltages of the inﬂection point is Vp¼7.7 volt, and lgVp¼0.9. This
result shows that when lgVCDo0.9, the C–V curve is upper convex;
when lgVCD40.9, the curve is down convex. This result shows that
when the voltage increases to thousands of volts, C will inevitably
approach C0. So the presence of the inﬂection point proved that the
saturation polarization of Na vapor is inevitable, and therefore BEC
of Na vapor is also a certainty.
5.5. If Na atom has a non-zero PDM, why it does not violate the time
reversal symmetry?
According to quantum theory, if a PDM of an atom violates
time reversal symmetry, it must have two characteristics: the
ﬁrst is very small, d « 1020 e cm, and the second is arises from
the nuclear spin [26,27]. Under time reversal the direction of the
spin changes, while the direction of the PDM does not change.
Therefore, the PDM of an atom would violate time reversal sym-
metry. By the CPT theorem it also implies a violation of CP
symmetry [26,27]. A representative result as follows:
d(Hg)¼[0.4971.29(stat)70.76(syst)]1029 e cm(in 2009) [27].
However, the linear Stark effect of hydrogen atom provides a
new idea. In the effect, two of four states have energy level split
73ea0E. The results showed that the hydrogen atom (n¼2) has a
PDM of magnitude 3ea0¼1.59108 e cm. Since the nuclear
spin was completely irrelevant to the calculation of the PDM, and
Bohr radius (a0¼0.53108 cm) is far greater than the nuclear
radius (r0E1011 cm), so the dipole moment has nothing to do
with the nuclear spin, and only arises from the asymmetrical
charge distribution of the atom. Landau once stated that the hy-
drogen atom has a dipole moment whose mean value is d¼3ea0,
“This is in accordance with the fact, in a state determined by
parabolic quantum numbers, the distribution of the charges in the
atom is not symmetrical about the plane z¼0” [16]. So similar to
the ﬁrst excited state of a hydrogen atom, the PDM of Na atom
doesnot arise from the nuclear spin but from asymmetrical
charge distribution, and it doesnot violate both time reversal
and parity symmetry [26,27].
5.6. If Na atom has a non-zero PDM, why the linear Stark effect has
not been observed?
As two concrete examples, ﬁrst let us deal with the ﬁne
structure and the linear Stark shifts of the hydrogen (n¼2). Notice
that the ﬁne structure of the hydrogen (n¼2) is only 0.33 cm1 forthe Hα lines of the Balmer series, where λ¼ 656.3 nm, and the
splitting is only Δλ¼0.33 (656.3107)2¼0.014 nm, therefore
the ﬁne structure is difﬁcult to observe [28]. The linear Stark shift
of the energy levels is proportional to the ﬁeld intensity: ΔW¼dH.
E¼1.59108 E e cm. When E¼105 V/cm, ΔW¼1.59103 eV,
this corresponds to a wavenumber of 12.8 cm1. So the linear
Stark shifts is Δ λ¼ΔW λ2/hc¼12.8 (656.3107)2¼0.55 nm. It
is so large, in fact, that the Stark shift of the lines of the hydrogen is
easily observed [27]. However, the critical ﬁeld intensity of Na
atoms is Ec¼Vc/H2E1.0102 V/cm. When the external electric
ﬁeld increases to E¼Ec, almost all the Na atoms (more than 94%)
were to line up along the ﬁeld, Na vapor no longer absorb energy,
and therefore the Stark effect will not occur. If Na atom has a PDM
dNa¼1.28108 e cm, and the most splitting of the energy levels
is ΔWmax¼ dNa Ec¼1.3106 eV. This corresponds to a wave-
number is ΔWmax/hc¼0.011 cm1. On the other hand, observed
values for a line pair of the ﬁrst primary series of Na atom (Z¼11,
n¼3) are λ1¼819.48 nm and λ2¼818.33 nm [20,28]. The linear
Stark shift of Na atoms is only Δ λ¼ ΔW ( λ1þ λ2)2/
4hc¼0.00075 nm. It is so small, in fact, that a direct observation
of the linear Stark shifts of Na atom is not possible by con-
ventional spectroscopy!
Unlike other fundamental constant, Boltzmann constant
has no strict numerical value.
Let us look at a typical example from a famous BEC of sodium
[2]. Wolfgang Ketterle, he did the experiment with sodium atoms,
once wrote that “The mean-ﬁeld interaction energy is given by nUi,
where n is the density and Ui is proportional to the scattering
length l: Ui¼4πħ2l/m. Using our recent experimental result
l¼4.9 nm. At the transition point, nc Ui/kTc¼0.10” [2]. Note that
the density is nc¼1.51014 cm3, the critical temperature is
Tc¼2.0106 K, a¼0.10 and Ui¼4πħ2l/m¼1.7941044 J cm3,
we obtain Boltzmann constant is k¼nc Ui /aTc¼1.3461023 J/K.
Obviously, it is some difference with the usual Boltzmann constant
value.
5.7. The true signiﬁcance of Boltzmann constant is k¼U/aT, not only
limited to kE1.3807 1023 J/K
Bosons obey Bose–Einstein statistics, the distribution function f
(E) is represented as f (E)¼1/(e (εμ)/kT1) [9].
Fermions obey Fermi-Dirac statistics, the distribution function f
(E) is represented as f (E)¼1/(e (εμ)/kTþ1). Note that in the limit
(εμ)/kT »1, both functions tend to the Boltzmann distribution,
thus obtained: f (E)¼e(εμ)/kT, where k is Boltzmann constant.
Let U¼εμ, the term e–U/kT is known as a Boltzmann factor [9]. If
a¼U/kT, the true signiﬁcance of Boltzmann constant is k¼U/aT,
and not only limited to k¼1.38071023 J/K. When Boltzmann
constant was applied to any molecules or atoms except for polar
atom, k¼1.38071023 J/K because its nucleus motions together
with the atom. So it can be expressed as
= ≈ ×
( )
−k U aT J K/ 1.3807 10 /
always true when the nucleus motions together with the atom 12
23
5.8. The equivalent form of Boltzmann constant is k¼U/aT
«1.38071023 J/K
The alkali atoms have a weakly bound outer valence electron,
and all other (Z1) electrons are in closed shells. The electrons in
the closed shells are closer to the nucleus than the valence elec-
tron, and are more strongly bound. The total angular momentum
of the closed shell vanishes. The closed shell is spherically sym-
metrical and is especially stable. The valence electron is located at
a relatively large distance from the nucleus. It moves in the
P.-L. You / Physica B 491 (2016) 84–9292electrostatic ﬁeld of the nuclear charge þeZ, which is for the most
part screened by the (Z1) inner electrons. The closed shell and
the nucleus together is called atomic kernel. The atomic kernel can
be regarded as the nucleus of the ﬁrst excited state hydrogen, but
heavier than it. Therefore Na atom can be regarded as its valence
electron moves in the electrostatic ﬁeld of the ﬁrst excited state
hydrogen with a heavier nucleus.
On the other hand, the orientation polarization of the polar
molecules, such as HCl, H2O etc., is the molecule as a whole turned
toward the direction of an external electric ﬁeld. Under normal
temperature and ﬁeld, therefore, a«1 because of
k¼1.38071023 J/K, and the saturation polarization doesnot
arise. For example, the most PDM of polar molecules is
dmE1029 C m, and the breakdown ﬁeld intensity of gaseous di-
electric is EmE107 V/m, the most electric potential energy of a
polar molecule is dmEm¼6.3104 eV. But the average kinetic
energy of each molecule in a gas is kT¼0.03 eV at ordinary tem-
peratures (T¼300 K), and its most value is am¼dmEm/kT¼0.021«1,
so their saturation polarization doesn’t happen.
Unlike polar molecules, the orientation polarization of po-
lar atoms(include Li, Na, K, Rb and Cs), is only the valence
electron in the outermost shell turned toward the direction of
the ﬁeld, but the rest of the atom (including its nucleus) does
not move! The value of the equivalent form of Boltzmann con-
stant is far less than 1.38071023 J/ K because the moment of
inertia of an electron is far less than that of an atom. So the
equivalent forms of Boltzmann constant is determined by ex-
periment. We obtain
= < < ×
( )
−k U aT J K/ 1.3807 10 /
when the valence electron motions but nuclear motionless 13
23
Now take sodium atom as an example, notice that U¼dE,
dNa¼2.0521029 C. m, E¼5.9104 V/m, a¼98 and T¼343 K, so
Boltzmann constant is k¼dE/aT ¼3.6051029 J/K« 1.3807
1023 J/K.
In summary, ultra-low temperature is in order to make Bose
gas phase transition. Instead of the critical temperature, we use
the critical voltage to describe the phase transition, and
therefore ultra-low temperature is not a necessary condition to
verify the existence of BEC. An ideal Bose condensate shows a
macroscopic population of the ground state of the trapping po-
tential. In our experiment, the trapping potential is the electric
potential energy of Na atoms in an electric ﬁeld, and BEC contains
up to 2.5061017 atoms really achieved “macroscopic popula-
tion”. The atoms condensed into the ground state of trapping
potential, because their electric potential energy is a minimum
along the ﬁeld. Therefore, in the strict sense, although we do not
use laser cooling atoms, but our experiment is an ideal BEC. Sci-
entists have never measured the capacitance of the alkali atoms,
so they missed this signiﬁcant discovery. Our experiments are
easily repeated in other laboratories because low temperature is
not necessary, especially its details have been described in thispaper. Once physicists completed these measurements, they will
obtain the same results as our experiments. They will discover that
a large-scale BEC of Na atom is easily observed when an electric
ﬁeld is applied!Acknowledgments
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